The absolute visual magnitudes, M V , of A-M stars are based on calculated Hipparcos trigonometric parallaxes. The sample used consists of 30 986 unreddened and reddened A-M stars in luminosity classes Ia, Iab, Ib, II, III, IV and V. The colour excesses of the reddened stars were calculated using the mean colour indices, according to the SIMBAD data base and the intrinsic B − V values calibrated for the given spectral types and luminosity classes by SchmidtKaler. The values of the total-to-selective extinction, R V = A V /E(B − V), for all the reddened stars were calculated from previously published near-infrared photometric measurements. The calculated visual magnitudes, M V , of A-M stars compare with the earlier determinations of Schmidt-Kaler. The mean absolute magnitudes published by Schmidt-Kaler are generally brighter (except for the stars in luminosity classes V and IV) than those determined in this paper.
I N T RO D U C T I O N
The absolute stellar magnitudes, M V , for OB stars and Be stars are based on the trigonometric parallaxes measured by the Hipparcos satellite, which were published by Wegner (2000) (hereafter Paper I) and Wegner (2006; hereafter Paper II) . In Paper I (1648 normal OB and 105 OeBe stars), all observed parallaxes, negative or positive, were transformed into positive parallaxes using the formula proposed by Smith & Eichhorn (1996) . The stars used in this sample were in the luminosity classes V+IV, III, II+Ib+Iab and Ia subsample divided.
Paper II contains larger samples of OB and OeBe stars, 6262 and 430, respectively, and neither the Lutz & Kelker (1973) bias nor the Smith & Eichhorn (1996) procedure was applied to calculate absolute magnitudes (M V ) of OB and OeBe stars to the original measurements. The stars used in the sample were divided into luminosity classes V, IV, III, II, Ib, Iab and Ia. All the stars that have negative and zero observed parallaxes were included in determining the use of absolute visual magnitudes using methods described in this paper.
The Hipparcos mission (measurements of trigonometric parallaxes) and new photometric measurements in near-infrared (NIR) bands, J, H and K s (2.16 μm), determine individual extinction A V , allowing examination of the value of absolute visual magnitudes of A-M stars published by Schmidt-Kaler (1982) . It is the fundamental aim of Paper III (this paper), in which we use the same methods of determining the absolute magnitudes as described in Paper II.
Various methods to use the astrometry data with a minimal bias in all distance estimates are summarized by Brown et al. (1997) .
E-mail: walter@ukw.edu.pl Their positive and negative aspects are summarized below, only stars with the best relative errors are kept. However, due to the implicit truncation of the parallax, a bias should still be expected - Smith & Eichhorn (1996) proposed an estimator for distance and absolute magnitude, based on a transformation of the observed parallax. This follows the fact that among the published parallaxes one can find several negative ones which, in principle, cannot be ignored. Although the bias and variance of the new estimates are reduced, their physical meaning is questionable -models using all available information (photometry, position, proper motion etc. . .) can be built in order to derive unbiased and precise estimates of physical data in which we are interested: absolute magnitude, distance and kinematics (Ratnatunga & Casertano 1991; Arenou et al. 1995; Luri et al. 1996) . The drawback is, of course, that the estimates found are model-dependent; finally, a recent approach using the Hipparcos intermediate data was proposed by van Leeuwen & Evans (1997) for the calibration of the absolute magnitudes. Using no parametric model and all the available data, there remains, however, a need for a correction to be done on limited magnitude samples.
The apparent visual magnitudes, V, of stars depend, however, not only on their distances, d, and absolute magnitudes, M V , but also on the interstellar extinction, A V , along the lines of sight, according to the relation
where M V is the absolute visual magnitude, d = 1000/π is the distance of the star (given in pc), π is the value of trigonometric parallax (in mas), A V = R × E(B − V) is the interstellar extinction where the colour excess The formula (1) cannot be applied while the measured parallaxes are negative, as it happens in the set of Hipparcos data. Paper I applied the formula proposed by Smith & Eichhorn (1996) to transform negative parallaxes into positive ones. It allowed the calculation of individual stellar distances and consequently absolute magnitudes. The latter values, given in Paper I, are based on such transformed parallaxes. They do not differ from the positive ones observed, while π 1.5 mas. Mean errors of the absolute visual magnitudes, M V , published in Paper I, exceed in many cases 1.5 mag. This illustrates the level of uncertainty which apparently follows the errors discussed above.
T H E M AT E R I A L A N D R E S U LT S
We have selected from the Hipparcos catalogue 30 986 unreddened and reddened A-M stars for which the spectral classifications and luminosity classes are known. The Hipparcos catalogue (ESA 1997) itself gives the Sp/L estimates. The latter were applied while none were different by more than 0.5 spectral types from those, found as mean values in the SIMBAD data base. This allowed us to segregate the selected targets into homogeneous samples of the same Sp/L. All the stars inside one such sample should be of the same M V . One can believe that the possible scatter results from errors in Sp/L estimates, uncertain R V values and erroneous Hipparcos parallaxes.
The visual magnitudes, V, colour indices (B − V), and observed π parallaxes with their errors σ π were taken from the Hipparcos catalogue (ESA 1997) . The intrinsic colour indices (B − V) o were taken from Schmidt-Kaler (1982) . The values of A V = R V × E(B − V) for stars with E(B − V) 0.05 were calculated using individual R V values calculated from IR photometric data; when the latter were not available, we used the 'canonical' value of 3.1.
The RIJHKLM magnitudes of A-M type stars of luminosity classes I-V that have the Hipparcos parallaxes have been selected from objects catalogued by Gezari, Schmitz & Mead (1984) , Gezari et al. (1993) and Skrutskie et al. (1997) . The Johnson VRI data were taken from catalogues published by Johnson et al. (1966) . The accuracy of these data is of the order of ± 0.01. The effective wavelengths of R and I bands are 0.71 and 0.97 μm, respectively. The total-to-selective extinction ratio R V = A V /E(B − V) was calculated inside by means of extrapolating the IR segments of the extinction curves. The latter were derived from the published photometric IR measurements using the intrinsic colour indices of Straizis (1977) , in the form of the ratios of colour excesses k λ = E(λ − V)/E(B − V). For the details of the procedure, see Wegner (1994) .
The JHKL bands are defined by the effective wavelengths 1.25, 1.65, 2.2 and 3.5 μm. The M system is defined by the effective wavelength of 4.8 μm.
Currently, the largest IR photometric catalogue that gives stellar magnitudes in three IR bands: J, H and K s (the latter centred at 2.16 μm) is the Two-Micron All-Sky Survey (2MASS) - Skrutskie et al. (1997) The Hipparcos sample of A-M type stars was divided into samples of the same Sp/L. It is a basic assumption in the stellar astrophysics that such samples can contain stars of the same absolute visual magnitudes M V . The luminosity classes were restricted to 'clear' cases, that is, those where no doubts as to whether an object is of IV or V, III or IV, II or III, Ib or II, Ib or Iab, Iab or Ia follow the literature survey, otherwise the stars have been eliminated from the samples. In each sample, the individual parallaxes can be expressed using the apparent and absolute magnitudes and extinction according to the following formula:
As the Hipparcos parallaxes have been published together with their error estimates (σ π ), we used the latter as the weights of the measured values of π and 10 0.
, that is, while summing the sides of the above equation they have been multiplied by the weights, w π , determined in the following way:
that is, depending on the existing error estimates of the Hipparcos parallaxes. The value σ π is contained between 0.5 and 1.5 mas; in a large majority of cases, it is close to 0.8 mas. In fact while performing the above mentioned procedure, the application of the weights practically does not change the results. The equations, such as equation (2), formed for all individual objects were summed (i.e. their left-and right-hand sides) leading thus to certain average parallax in every sample. We have summed the parallaxes of all stars of a given Sp/L including their positive and negative values. The sums were positive in all cases, allowing for a mean π value for every sample. Assuming that M V is the same inside every sample, one can expect that the observed changes in the parallax depend on V (which grows when π gets smaller) and on A V which is also in general larger in cases of distant objects. The absolute magnitudes of stars can be estimated using the relation between the terms 10 −0.2[V+5−RE(B−V)] and π. If this relation is linear, the term 10 0.2M V should play the role of the slope. Such plots allow us to estimate mean absolute magnitudes in the given Sp/L samples and errors. Both methods of summarizing all the parallaxes described in the above method gave very similar results. An example of the plot of π versus 10 −0.2[V+5−RE(B−V)] is given in Fig. 1 .
The above estimated errors proved to be very similar to those values of M V calculated as errors of average objects with positive parallaxes. Among the stars of luminosity classes I and II, the samples contained about 93 per cent positive parallaxes, among the stars of luminosity class III about 97 per cent and more than 98 per cent for luminosity classes IV and V.
The obtained average absolute magnitudes, M V , with their errors in every Sp/L sample are given in Tables 1-7 . N denotes the number of stars in every Sp/L sample.
The smoothed absolute magnitudes, M V (sm), for OB stars (Paper II) and A-M stars (this paper) of luminosity classes V, IV, III, II, Ib, Iab and Ia are given in Table 8 . bars. The dotted line presents our smoothed values of absolute magnitudes. Fig. 3 presents a similar comparison but for the stars classified as subgiants (luminosity class IV). The newly determined absolute magnitudes of A0-G8 stars are the same as those of Schmidt-Kaler (1982) depicted with the solid line. The absolute magnitude stars later than K1 are not published in Schmidt-Kaler (1982) . 
D I S C U S S I O N
The availability of parallaxes from the Hipparcos mission for a larger number of stars permits to examine fundamental questions: accuracy of the MK luminosity calibrations and the validity of the spectroscopic approach.
It is well known that up to now 90 per cent of all known stellar distances were based on the spectroscopic method, which consists of using the MK luminosity class for obtaining absolute magnitude. The calibration of the absolute magnitudes on luminosity classes was made through a combination of methods; mostly trigonometric parallaxes were used for late-type stars; for the earlier types, both cluster sequences and statistical methods were made use of. The results of such methods are compiled in classic tabulations, such as by Blauuw (1963) and by Schmidt-Kaler (1982) . The availability of the Hipparcos parallaxes makes it possible to extend the trigonometric calibrations well into early star types and into late giants, bright giants and supergiants, leaving aside use of the less-certain statistical methods and stellar sequences.
An absolute magnitude determined for a sample of the same Sp/L depends on a couple of factors. One of them is the precision of the published spectral types and luminosity classes. In this reasonably broad survey, we naturally used the Sp/Ls either published in the Hipparcos catalogue or listed in the SIMBAD data base. The only way of limiting uncertainties was to exclude the objects for which the Sp/L estimates differ seriously between different publications. Another factor is the size of every sample. Such sizes were large while considering relatively late star types and very scarce bright giants and late supergiants. Also the average parallax in the sample could, as mentioned above, play a role. The fraction of negative parallaxes was relatively large among early and late bright stars. Jaschek & Gomez (1998) analysed the absolute magnitude of about one hundred MK standards in the B0-F5 spectral region. They concluded that the intrinsic dispersion of the mean absolute magnitude amounts to 0.7 mag, and shows that no clear separation between class V and III can be obtained. They concluded that the relation between absolute magnitude and luminosity class is only a statistical one.
A comparison between different spectral classification systems and derived absolute magnitudes from the Hipparcos parallaxes was made by Paunzen (1999) . He analysed dwarfs (luminosity class V), subdwarfs (luminosity class IV) and giants (luminosity class III) in the spectral range B9-F2. The total number of dwarfs, subdwarfs and giants is 351, 183 and 64, respectively. These samples mainly contain bright and near stars (σ π /π 0.18) and are chosen Figure 6. The same as in Fig. 2 , but for the stars of luminosity class Ib.
from Abt & Morell (1995) and Gray & Garrison (1987 , 1989a catalogues.
Figs 9-11 compares derived upper and lower M V -boundaries found by Paunzen (1999) for the different luminosity classes and obtained mean absolute magnitudes derived in this paper. The obtained bandwidths derived in this paper are twice smaller than the bandwidths obtained by Paunzen (1999) . This result makes for a better calculated interstellar extinction. Keenan & Barnbaum (1999) . Keenan & Barnbaum (1999) derived absolute magnitudes of 98 G, K and M stars of luminosity class III and 44 G and K stars of luminosity class IIIb. These stars are brighter than V = 6.5 mag and are chosen from RA 0 h -8 h . Fig. 11 Keenan & Barnbaum (1999) are the same. Ginestet, CarQuillat & Jaschek (2000) analysed a sample of 511 MK standards of cool spectral types (G-M) to compare the visual absolute magnitudes obtained from both the Hipparcos data and the Schmidt-Kaler (1982) calibrations. They found discrepancies between absolute magnitudes in the Hipparcos data and absolute magnitudes deduced from Schmidt-Kaler (1982) calibrations increase with the relative parallax error σ π /π. For σ π /π 0.05, only 3 per cent of the stars present a discrepancy in the luminosity class, while this percentage reaches 54 for 0.25 σ π /π 0.5. They found that the luminosity of the giants seems to increase with the distance of the stars, whereas the supergiants in the sample appear underluminous at least for d 600 pc.
The parallaxes measured by the Hipparcos satellite are about 10 times as accurate as the earlier ground-based trigonometric parallaxes. This makes it meaningful to construct an H-R diagram for the obtained average absolute magnitudes of O-M stars for these spectral types. The latter is given in Fig. 12 . It is quite evident that inside the O types the differences between luminosity classes are very small. The latter grow systematically with the spectral type. Evidently, the supergiants form rather horizontal branches, while giants are situated quite close to the main sequence.
C O N C L U S I O N S
The results published in the tables and figures mentioned above allow us to infer the following conclusions.
(i) Absolute magnitudes of A-M stars of luminosity classes V and IV do not differ by more than one standard deviation from those of Schmidt-Kaler (1982) but they are systematically higher.
(ii) The newly determined absolute magnitudes of A-M giants are quite similar to those of Schmidt-Kaler (1982) ; the branch seems not to be really smooth.
(iii) The absolute magnitudes of bright giants (luminosity class II) seem to be fainter by about 1-1.5 mag than those published by Schmidt-Kaler (1982) .
(iv) The absolute magnitudes of Ib supergiants are systematically fainter by about 1-1.5 mag than the ones determined by SchmidtKaler (1982) .
(v) The Iab supergiant branch seems not to be precisely determined, approaching either that of Ia stars (for hotter objects) or that of Ib (for colder objects).
(vi) The absolute magnitudes of A-M stars of luminosity class Ia are nearly constant and are systematically fainter than those of Schmidt-Kaler (1982) .
(vii) The final version of the H-R diagram (Fig. 12 ) seems to make sense as supergiants are on average brighter than giants and giants are on average brighter than dwarfs.
(viii) The V, IV and III branches of the H-R diagram (Fig. 12 ) are seemingly identical for stars hotter than F0; the real distinction is observable only in cases of colder objects.
(ix) The branch of bright giants (II) is clearly separated for objects hotter than A0.
(x) No differences between luminosity classes can be found among O stars.
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